We investigate the hydromagnetic effect on viscous incompressible flow between two horizontal parallel porous flat plates with transverse sinusoidal injection of the fluid at the stationary plate and its corresponding removal by periodic suction through the plate in uniform motion. The flow becomes three dimensional due to this injection/suction velocity. Approximate solutions are obtained for the flow field, the pressure, the skin-friction, the temperature field, and the rate of heat transfer. The dependence of solution on M (Hartmann number) and λ (injection/suction) is investigated by the graphs and tables.
1. Introduction. The problem of laminar flow control has become very important in recent years, particularly in the field of aeronautical engineering, owing to its application in reducing drag and hence in enhancing the vehicle power by a substantial amount. Several methods have been developed for the purpose of artificially controlling the boundary layer and the developments on this subject. The boundary layer suction is one of the effective methods of reducing the drag coefficient, which entails large energy losses. The effect of different arrangements and configurations of the suction holes and slits has been studied by various scholars. Gersten and Gross [2] have investigated the flow and heat transfer along a plane wall with periodic suction velocity. Effects of such a suction velocity on various flow and heat transfer problems along flat and vertical porous plates have been studied by Singh et al. [10, 11] and Singh [8] .
Recently the problem of transpiration cooling with the application of the transverse sinusoidal injection/suction velocity has been studied by Singh [9] .
Magnetic fields influence many natural and man-made flows. They are routinely used in industry to heat, pump, stir, and levitate liquid metals. There are the terrestrial magnetic field, which is maintained by fluid motion in the earth's core, the solar magnetic field which generates sunspots and solar flares, and the galactic field which influences the formation of stars. The flow problems of an electrically conducting fluid under the influence of magnetic field have attracted the interest of many authors in view of their applications to geophysics, astrophysics, engineering, and to the boundary layer control in the field of aerodynamics. On the other hand, in view of the increasing technical applications using magnetohydrodynamics (MHD) effect, it is desirable to extend many of the available viscous hydrodynamic solutions to include the effects of magnetic field for those cases when the viscous fluid is electrically conducting. Rossow [5] , Greenspan and Carrier [3] , and Singh [6, 7] have studied extensively the hydromagnetic effects on the flow past a plate with or without injection/suction. The hydromagnetic channel flow and temperature field was investigated by Attia and Kotb [1] . Hossain et al. [4] have studied the MHD free convection flow when the surface is kept at oscillating surface heat flux. Boundary layer flows of fluids of small electrical conductivity are important, particularly in the field of aeronautical engineering. Therefore the object of the present note is to study the effects of the magnetic field on the flow of a viscous, incompressible, and electrically conducting fluid between two horizontal parallel porous plates with transverse sinusoidal injection of the fluid at the stationary plate and its corresponding removal by periodic suction through the plate in uniform motion.
Formulation of the problem.
We consider the Couette flow of a viscous incompressible electrically conducting fluid between two parallel flat porous plates with transverse sinusoidal injection of the fluid at the stationary plate and its corresponding removal by periodic suction through the plate in uniform motion U . Let to be at constant temperature T 0 and T 1 , respectively, with T 1 > T 0 . We derive the governing equations with the assumption that the flow is steady and laminar, and is of a finitely conducting fluid. The magnetic field of uniform strength B is applied to the perpendicular of the free-stream velocity (see Figure 2 .1); at lower magnetic Reynolds number, the magnetic field is practically independent of the flow motion and the induced magnetic field is neglected. The Hall effects, electrical and polarization effects also have been neglected. All physical quantities are independent of x * for this problem of fully developed laminar flow, but the flow remains three-dimensional due to the injection/suction velocity V * (z
Thus, under these assumptions, the problem is governed by the following nondimensional system of equations: 
are the dimensionless quantities and V , ρ, ν, α, σ , and p are, respectively, injection/suction velocity, density, kinematic viscosity, thermal diffusivity, electrical conductivity, and pressure. In energy equation terms corresponding to viscous dissipation and Joule heating have been neglected due to their small magnitude as compared to other terms. The ( * ) stands for dimensional quantities. The corresponding boundary conditions in the dimensionless form are
3. Solution of the problem. Since the amplitude of the injection/suction velocity ε ( 1) is very small, we now assume the solution of the following form:
where f stands for any of u, v, w, p, and θ. When ε = 0, the problem is reduced to the well-known two-dimensional flow. The solution of this two-dimensional problem is
where
When ε ≠ 0, substituting (3.1) in (2.1)-(2.5) and comparing the coefficient of ε, neglecting those of ε 2 ,ε 3 ,..., the following first-order equations are obtained with the help of solution (3.2):
6)
The corresponding boundary conditions reduce to
This is the set of linear partial differential equations, which describe the threedimensional flow. To solve these equations, we assume v 1 , w 1 , p 1 , u 1 , and θ 1 of the following form:
where the prime denotes differentiation with respect to y. Expressions for v 1 (y, z) and w 1 (y, z) have been chosen so that the equation of continuity (3.4) is satisfied. Substituting (3.10) in (3.5)-(3.8) and applying the corresponding boundary conditions, we get the solutions for v 1 , w 1 , p 1 , u 1 , and θ 1 as follows:
2 ,
(3.12) Now, after knowing the velocity field, we can calculate skin-friction components τ x and τ z in the main and transverse directions, respectively, as follows: 
From the temperature field, we can obtain the heat transfer coefficient in terms of Nusselt number as follows:
where flow is developed from y = 0 to about y = 0.5, and then, onwards, there is backward flow. It is due to the fact that the dragging action of the faster layer exerted on the fluid particles in the neighborhood of the stationary plate is sufficient to overcome the adverse pressure gradient, and hence there is forward flow. The dragging action of the faster layer exerted on the fluid particles will be reduced due to the periodic suction at the upper plate, and hence this dragging action is insufficient to overcome the adverse pressure gradient and there is backward flow. It is noted that this backward flow is just the optical image of the forward flow. Further, it is evident from this figure that 
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